1. Introduction {#s1}
===============

Pentraxin 3 (PTX3) is a member of the pentraxin superfamily, a family of acute phase proteins that includes two classical short pentraxins, C reactive protein (CRP) and serum amyloid-P (SAP). In contrast to hepatically produced CRP and SAP, PTX3 is produced at sites of inflammation by several cell types, primarily dendritic cells, macrophages, neutrophils, fibroblasts, activated endothelial cells, and renal cells.[@b1],[@b2] PTX3 is a type of soluble pattern recognition receptor that protects against extracellular microbes and against autoimmunity.[@b3]

Mounting evidence indicates that PTX3 is involved in atherosclerotic diseases. PTX3 is clearly expressed in the setting of advanced atherosclerotic lesions.[@b4] Plasma PTX3 levels correlate positively with lipid volume percentages and correlate negatively with fibrous volume percentages.[@b5] PTX3 may be a potent and independent predictor of subsequent cardiac events in patients hospitalized for coronary artery disease (CAD).[@b6],[@b7]

Several genes have been implicated in CAD susceptibility.[@b8] Studies have reported the effects of PTX3 genetic variants in human diseases, although these were limited to infections and female fertility.[@b9]--[@b11] One recent study reported that PTX3 plasma levels were influenced by three PTX3 polymorphisms. However, a genetic predisposition to high PTX3 levels does not influence the risk for AMI.[@b12]

Gene expression is influenced by epigenetic mechanisms as well as transcription and translation.[@b13] Hypermethylation of gene promoter regions can result in transcriptional silencing of the gene. The epigenetic control of PTX3 gene expression in relation to atherosclerotic disease has not been investigated. Chronic inflammation has been proposed to induce changes in the epigenetic program.[@b14] Therefore, the present study was designed to determine the relationship between PTX3 promoter methylation and plasma PTX3 levels, as well as the chronic inflammatory biomarker neutrophil to lymphocyte ratio (NLR) in CAD.

2. Methods {#s2}
==========

2.1. Ethics statement {#s2a}
---------------------

Written informed consent to participate in the study, including blood sampling, was provided by each subject before the beginning of the study. The investigation conformed to the principles outlined in the Declaration of Helsinki and was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology (IORG No.: IORG0003571).

2.2. Patients {#s2b}
-------------

We studied 64 unrelated subjects of both genders who were recruited from the Department of Cardiology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology (China). Patients were required to undergo diagnostic coronary angiography. Individuals were classified into two groups (CAD or CAD-free) based on their medical records and evidence of diagnostic electrocardiographic and enzyme changes, coronary angiography results or clinical symptoms. CAD inclusion criteria included coronary arteries with stenosis greater than 50% of the luminal diameter (angiographic). Only five of the CAD patients had been diagnosed with acute coronary syndrome. Patients with infectious diseases or other inflammatory diseases were excluded from this study.[@b5],[@b15]

2.3. Collection and processing of the blood samples {#s2c}
---------------------------------------------------

Venous blood was collected from CAD and control patients in a vacuum tube with pre-cooled EDTA and aprotinin. DNA was prepared from a population of blood cell types, incubated with proteinase K, and treated with RNase A, followed by the TIANamp Genomic DNA Kit \[DP304, Tiangen Biotech (Beijing) CO.,LTD\]. Plasma was separated within 2 h of blood collection and kept at −80 °C until it was used further for analysis.

2.4. Epigenetic analysis: methylation of the PTX3 gene promoter {#s2d}
---------------------------------------------------------------

DNA was amplified using a methylation-specific primer set, PTX3-MF: 5′-CGTTTGCGGTTAGGAGTATTC-3′ and PTX3-MR: 5′-CAAAACGTCGTCCGTAACTTA-3′, or a non-methylation-specific primer set, PTX3-UF: 5′-TGTGT TTGTGGTTAGGAGTATTTG-3′ and PTX3-UR: 5′-CAA AACATCATCCATAACTTA-3′,[@b16] in a total volume of 20 µL, using 0.5 units of hot-start Taq-polymerase (Takara, Japan) per reaction. The size of the non-methylated amplicon was 105 bp, and the methylated amplicon was 103 bp. The region where these primers bind or amplify is as follows: CGTTTGCGGTTAGGAGTATTCGGAATGGGAT AAGTTTTTTATTATGTTGGAGAATTCGTAGATGAG AGAGCGTATGTTGTTGTAAGTTACGGACGACGTTT TG. Cycle conditions were as follows: initial denaturation and hot start for 10 min at 95°C, then 35 cycles consisting of 30 s at 94°C, 30 s at 59°C (for methylated reactions) or 50°C (for unmethylated reactions), and 45 s at 72°C, and a final extension of 10 min at 72°C.[@b16] Each methyl- or non-methyl band was visualized using an Alpha Imager 2200 system (Alpha Innotech Co.). The densities of each band were calculated with the Alpha Imager 2200 system. The indices of methylation were expressed as percent densities of methyl band/(methyl band + non-methyl band).[@b17]

2.5. PTX3 assays {#s2e}
----------------

This assay utilized the quantitative sandwich enzyme immunoassay technique. Plasma PTX3 levels were measured via the ELISA assay from R&D Systems, Inc. (Minneapolis, America) in a subset of subjects with available samples of whole-blood. A streptavidin-coated plate was incubated with biotinylated monoclonal antibodies specific for human PTX3. The minimum detectable dose (MDD) of human PTX3 ranged from 0.007−0.116 ng/mL. The mean MDD was 0.025 ng/mL.

2.6. Statistical analysis {#s2f}
-------------------------

All analyses were performed with R (<http://www.R-project.org>) and EmpowerStats software (<http://www.empowerstats.com>, X&Y solutions, Inc., Boston, MA, USA). We firstly compared the data distribution of each covariate between the CAD and the CAD-free groups, using Kruskal-Wallis rank sum tests for continuous variables and chi-square tests for categorical data, as shown in [Table 1](#jgc-13-08-712-t01){ref-type="table"}. One-way ANOVA was used to compare the difference of PTX3 plasma concentrations and PTX3 methylation levels between CAD-free and CAD patients. Pearson\'s correlation was used to assess the association between PTX3 methylation levels and PTX3 plasma concentrations, as well as NLR. Data were expressed as the mean ± SD. Statistical significance was defined as *P* \< 0.05.

###### Clinical and biochemical characteristics of the study subjects.

  Parameters                CAD-free         CAD       *P*-value
  ----------------------- ------------- ------------- -----------
  Age, yrs                 57.5 ± 10.8   63.1 ± 10.0     0.034
  FBG, mmol/L               5.2 ± 0.8     5.1 ± 0.5      0.627
  Cholesterol, mmol/L       4.0 ± 1.1     4.4 ± 0.9      0.085
  LDL-C, mmol/L             2.0 ± 0.6     2.3 ± 0.6      0.058
  TG, mmol/L                1.7 ± 1.7     1.5 ± 0.7      0.592
  HDL-C, mmol/L             1.2 ± 0.4     1.3 ± 0.4      0.406
  Gender                                                 0.094
   Female                  16 (55.2%)    12 (34.3%)   
   Male                    13 (44.8%)    23 (65.7%)   
  Smoking                                                0.783
   No                      20 (69.0%)    23 (65.7%)   
   Yes                      9 (31.0%)    12 (34.3%)   
  Hypertension                                           0.665
   No                      14 (48.3%)    15 (42.9%)   
   Yes                     15 (51.7%)    20 (57.1%)   
  History of statin use                                  0.362
   No                      19 (65.5%)    19 (54.3%)   
   Yes                     10 (34.5%)    16 (45.7%)   

Results are shown as the mean ± SD or *n* (%). CAD: coronary artery disease; CHOL: cholesterol; FBG: fasting blood glucose; HDL: high density lipoprotein; LDL: low density lipoprotein; TG: triglycerides.

3. Results {#s3}
==========

Primary clinical and biochemical characteristics are presented in [Table 1](#jgc-13-08-712-t01){ref-type="table"}. Except for age, there were no differences in the clinical and biochemical characteristics between the CAD and CAD-free groups, such as gender, smoking, hypertension, fasting blood glucose, cholesterol, low density lipoproteins, high density lipoproteins, triglycerides or the history of statin use.

As shown in [Figure 1](#jgc-13-08-712-g001){ref-type="fig"}, the PTX3 plasma concentration in the CAD group was 6.57 ± 5.45 ng/mL, higher than the CAD-free group, which was 3.65 ± 2.14 ng/mL (*P* = 0.01, [Figure 1A](#jgc-13-08-712-g001){ref-type="fig"}). Moreover, the mean PTX3 promoter methylation in the CAD group was 62.69% ± 20.57%, significantly lower than the level in the CAD-free group, which was 72.45% ± 11.84% (*P* = 0.03, [Figure 1B](#jgc-13-08-712-g001){ref-type="fig"}).

We used Pearson\'s correlation analyses to determine the relationship between PTX3 promoter methylation and plasma PTX3 levels as well as between plasma PTX3 levels and NLR. Our results demonstrate that the level of PTX3 promoter methylation negatively correlated with plasma PTX3 levels (*r* = −0.29, *P* = 0.02, [Figure 2](#jgc-13-08-712-g002){ref-type="fig"}). We also found that PTX3 promoter methylation levels negatively correlated with NLR in men (*r* = −0.58, *P* = 0.001, [Figure 3](#jgc-13-08-712-g003){ref-type="fig"}). However, NLR was not correlated with PTX3 levels regardless of gender (*r* = 0.11, *P* = 0.48, [Figure 4](#jgc-13-08-712-g004){ref-type="fig"}).

4. Discussion {#s4}
=============

This study has revealed that the patients suffering from CAD had lower levels of PTX3 promoter methylation than CAD-free patients. Lower PTX3 promoter methylation levels in CAD patients were associated with higher plasma PTX3 concentrations. This is the first study, to our knowledge, to address the association of the PTX3 promoter methylation with CAD and its relationship with plasma PTX3 levels.

Epigenetic modifications play a fundamental role in the inhibition of gene expression. They involve specific histone tail posttranslational modifications, promoter DNA methylation and non-coding RNAs, particularly microRNAs.[@b18] However, promoter methylation is the most widely studied and the best characterized epigenetic marker. Changes in promoter methylation may contribute to disease phenotypes. Specific genes regulated by promoter methylation are important in atherogenesis, and important examples of promoter methylation-regulated genes include genes encoding interferons, platelet-derived growth factors, MMP-2, MMP-7, MMP-9, tissue inhibitor of metalloproteinases, intracellular adhesion molecules, oestrogen receptor α, extracellular superoxide dismutase and p53.[@b19] Hypermethylation of gene promoter regions can result in silencing of the gene.[@b20]

![PTX3 levels and levels of PTX3 promoter methylation according to CAD occurrence.\
(A): PTX3 levels in the CAD-free group were 3.65 ± 2.14 ng/mL (*n* = 25), lower than the CAD group (*n* = 39); (B): the levels of PTX3 promoter methylation in the CAD-free group were 72.45% ± 11.84% (*n* = 25), higher than the CAD group (62.69% ± 20.57%, *n* = 39). CAD: coronary artery disease; PTX3: Pentraxin 3.](jgc-13-08-712-g001){#jgc-13-08-712-g001}

![Association between PTX3 levels and levels of PTX3 promoter methylation.\
Levels of PTX3 promoter methylation are negatively correlated with plasma PTX3 levels (*r* = −0.29, *P* = 0.02). PTX3: Pentraxin 3.](jgc-13-08-712-g002){#jgc-13-08-712-g002}

![Association between the NLR and levels of PTX3 promoter methylation.\
Levels of PTX3 promoter methylation are negatively correlated with NLR in male patients (*r* = −0.58, *P* = 0.002). NLR: neutrophil to lymphocyte ratio; PTX3: Pentraxin 3.](jgc-13-08-712-g003){#jgc-13-08-712-g003}

![Association between the NLR and PTX3 levels.\
NLR was not correlated with PTX3 levels (*r* = 0.11, *P* = 0.48). NLR: neutrophil to lymphocyte ratio; PTX3: Pentraxin 3.](jgc-13-08-712-g004){#jgc-13-08-712-g004}

A significant association between PTX3 plasma concentrations and the risk of all-cause mortality at three years has been shown in AMI patients. However, genetic predisposition to high PTX3 levels does not influence the risk of acute AMI.[@b12] There was an inter-relationship of genetic and epigenetic modifications at the DNA promoter site. Further studies are necessary to explore the relationship between PTX3 genetic polymorphisms (SNPs) and promoter methylation. Genetic predisposition to high PTX3 levels could be reduced by hypermethylation. It has been reported that PTX3 SNPs are related to high plasma levels of a functionally less active protein. The SNP (rs3816527) could cause an amino acid change (Asp48Ala) in a strategic position of the PTX3 primary structure. This could potentially interfere with the N-terminally mediated binding of PTX3 to its ligands. Moreover, amino acid 48 is located between two cysteine residues at positions 47 and 49, which are involved in the formation of the inter-chain disulphide bonds required for the tetrameric arrangement of four PTX3 protomers.[@b21] This provides a possible explanation for the genetic predisposition to high PTX3 levels not influencing the risk of AMI.

We also show here that lower PTX3 promoter methylation levels are associated with higher NLR in men. NLR, an inflammatory biomarker, may be of predictive and prognostic value for cardiovascular events.[@b22] A higher NLR may reflect a low-grade inflammation status. Chronic inflammation could induce a change of the epigenetic program.[@b14] PTX3 is produced at sites of inflammation by several cells, such as neutrophils and monocytes.[@b23],[@b24] This provides a novel hypothesis whereby proinflammatory factors not only increase leukocytes but also modify methylation of the PTX3 promoter. Further studies are needed to explore the mechanism underlying the involvement of inflammation in the change of PTX3 promoter methylation.

We found that PTX3 promoter methylation levels were associated with NLR in males but not females. The X-chromosome inactivation that is characterized by a hypomethylated inactive X-chromosome, as confirmed by previous reports may underlie this finding.[@b25] However, from the data presented in this study, we cannot determine whether this observed gender difference in methylation levels could originate from the inactivated X-chromosome. A detailed future study of the methylation of X-linked or autosomal specific PTX3 regions are necessary to clarify this phenomenon.

The NLR did not correlate with PTX3 levels (*r* = 0.11, *P* = 0.48). PTX3 levels may be affected by PTX3 genetic polymorphisms. A previous study has shown that three PTX3 SNPs (rs2305619, rs3816527, and rs1840680) were significantly associated with different PTX3 plasma levels.[@b12] Therefore, PTX3 expression is not only associated with environment factors but also with genetic factors.

Our sample size, despite being relatively small for association studies, did not influence the present conclusion. We tested the different factors that may influence the results between CAD and CAD-free groups. Except for age, there were no differences in the clinical and biochemical characteristics, such as gender, smoking, hypertension, fasting blood glucose, cholesterol, low density lipoproteins, high density lipoproteins, triglycerides or history of statin use. The age difference between CAD and CAD-free groups was not associated with PTX3 promoter methylation in men. We conclude that PTX3 promoter methylation is associated with PTX3 plasma levels and NLR and that this association is independent of age and other clinical and biochemical factors.

5. Conclusions {#s5}
==============

This study confirms that lower PTX3 promoter methylation levels are associated with higher plasma PTX3 levels and higher NLR. These findings could help our understanding of a novel epigenetic molecular mechanism involved in the pathophysiological processes leading to CAD, in addition to genetic predisposition.
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